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INTRODUCTION
Sunflower meal is a byproduct from the oil industry, but there are few studies on its inclusion in layers diets to date. Its high fiber content, of 45.19 neutral detergent fiber (NDF) and 21.35 acid detergent fiber (ADF) limits its inclusion of the meal in diets for those birds (NRC 1994; FEDNA 2003; INRA 2004) . The utilization of exogenous enzymes could enhance fiber digestibility or phytic phosphorus solubilization in sunflower meal, thereby reducing the negative effects on layer performance.
Few studies on the inclusion of sunflower meal in diets for laying hens have been reported. Vieira et al. (1992) replaced all the soybean meal by sunflower meal (40.5%) and added lysine in layers diets without compromising production parameters. However, feed conversion ratio (FCR) and feed intake showed positive linear behavior as a function of the inclusion of sunflower meal in the diets (Vieira et al., 1992) .
The genetic development in laying birds is dynamic, resulting in more productive and consequently more nutrient-requiring animals (Hy Line, 2009) . Under this new scenario, it would be difficult to include such high inclusion levels of sunflower meal, such as those reported by Vieira et al. (1992) , without compromising layer performance. Serman et al. (1997) verified that inclusion of sunflower meal in layer diets decreased feed intake, egg mass and weight gain. However, in that study, the diets did not contain synthetic amino acids, which may explain those results. Studies found that it was possible to include up to 5.6% ground whole sunflower seeds in layer diets without affecting performance or egg quality (Tsuzuki et al., 2003) . However, sunflower meal is a byproduct from the oil industry that contains less energy and higher fiber than the ground whole seed. Working with sunflower meal under partial oil extraction, Secoylu et al. (2004) included up to 20.0% in layer diets and did not observe any differences in egg mass or feed intake values.
Current studies have used lower addition levels of sunflower meal in the diets of laying hens. Up to 10% sunflower meal can be added to diets with the same protein content, but with the same energy content, without compromising intake, egg mass or egg quality parameters (Rezaei & Hafezian 2007) . Casartelli et al. (2006) reported that inclusion of up to 12.0% sunflower meal in layer feeds did not affect productive parameters or egg internal quality parameters. Additionally, the inclusion of sunflower meal in diets improved eggshell thickness. Recently, Junqueira et al. (2010) , evaluating the economic viability of the inclusion of enzyme phytase and sunflower meal in layer diets, concluded that the addition of phytase reduced phosphorus excretion and improved the economic parameters. However, the maximum level of sunflower meal inclusion that did not negatively affect productive parameters was 4%.
It is known that the higher the sunflower meal inclusion in the diets, the higher the inclusion of soybean meal as well, due to the low energy content of the material (Rezaei & Hafezian 2007) . Oil is one of the most expensive ingredients used in commercial layer feed formulation, and therefore, may significantly increase production costs. The objective of this study was to evaluate the effects of increasing levels of sunflower meal inclusion and the supplementation of an enzyme complex, containing carbohydrases and phytase, on egg production and economic parameters of layers from 64 to 79 weeks of age.
MATERIAL AND METHODS
The experiment was conducted between May and September 2011, in the facilities of the poultry sector of the Department of Animal Science of Universidade Federal de Viçosa, MG, Brazil. In total, 384 HyLine Brown layers in the second laying cycle, with 1.675±0.088 g body weight, were evaluated during the period of 64 to 79 weeks of age. Birds were distributed in a completely randomized design in a 4 × 2 factorial arrangement (diets with four sunflower meal inclusion levels and the addition or not of an enzyme complex), with eight replicates of six birds each.
Birds were housed in an open-sided masonry shed (5-m wide and 2-m high) with wire-mesh sides and covered with clay tiles. Layers remained in galvanizedwire cages, each divided in four 25 × 45 × 40 cm compartments, distributed in two tiers, and 0.80-m distant from the floor. Cages were equipped with galvanized-iron trough feeders and drinkers that covered the entire frontal extension of the cages.
Sunflower meal (SFM) was included in the diets at the levels of 0, 8, 16 and 24%, and the enzyme complex was added at 0.005% or not ( Table 1 ). The enzyme complex (carbohydrases and phytase) aimed at increasing the digestibility of substrates to the action of these enzymes. Dietes were formulated to supply the requirements recommended by Rostagno et al. (2005) .
The chemical composition values applied for sunflower meal (Table 3 ) used for diet formulation were those analyzed in the laboratory of feed analysis of the Department of Animal Science of Universidade Federal de Viçosa, and the average values reported by several authors (NRC, 1994; FEDNA, 2003; INRA, 2004; Tavernari et al. 2010) .
During the entire experimental period, house temperature inside was monitored daily (at 16 h), using minimum-maximum thermometers. Birds received feed and water ad libitum and 16 hours of light per day during the entire experimental period, in compliance with the management recommendations of genetic company's manual. Eggs were collected twice daily (8 and 16 h), and egg-laying frequency and mortality were recorded. Birds and diets were weighed at the beginning and at the end of each 28-d period (from 64 to 71 weeks of age) to determine weight gain, feed intake, FCR per dozen eggs and FCR per egg mass.
The following performance parameters were evaluated: feed intake (g/bird/day), egg production (%/bird/day), egg weight, egg mass (g/bird/day), FCR per egg mass, and FCR per dozen eggs. Eggs were collected on three last days, and six eggs per replicate were randomly selected per day to determine yolk, albumen and eggshell weights. The eggs per replicate and per day were individually identified and weighed on a scale of 0.001 g precision, and then broken. The yolk from each egg was weighed and the eggshell was washed and air-dried to obtain the weight of the eggshell without the internal membrane. The albumen weight was calculated as the difference between egg weight and yolk and eggshell weights. In order to verify the economic viability of including sunflower meal in the diet, the cost of the diet was determined in Brazilian real (R$) per dozen of eggs produced and per kilogram of eggs produced (Yi). The equation was adapted from the methodology of Bellaver et al. (1985) : Yi = (Pi * Qi) / Ei, where Yi = diet cost per dozen of eggs produced and per kilogram of eggs produced in the i-th treatment (sunflower meal level); Pi = price per kilogram of the diet utilized in the i-th treatment; Qi, quantity of diet consumed in the i-th treatment; and Ei = dozen of eggs produced and kilogram of eggs produced. Next, the economic efficiency index (EEI) was calculated: EEI = (LCe / CTei) * 100, where LCe = lowest cost of diet per dozen of eggs produced and kilogram of eggs produced observed between the treatments; and CTEi = cost of the i-th treatment.
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The values (price/kg) of the ingredients used to calculate the costs were those practiced in the region of Viçosa, in May 2010, as follows: butylated hydroxytoluene (R$ 6.82), limestone (R$ 0.028), choline chloride (R$ 2.92), enzyme complex (R$ 6.43), DL-methionine (R$ 8.15), soybean meal (R$ 0.63), sunflower meal (R$ 0.31), dicalcium phosphate (R$ 1.18), L-lysine (R$ 4,84), L-threonine (R$ 8.15), corn (R$ 0.53), oil (R$ 2.57), salt (R$ 0.19), vitamin supplement for growth (R$ 2.195), vitamin supplement (R$ 3.30), and mineral supplement (R$ 1.86).
Data were statistically analyzed using the PROC GLM procedure of the software SAS ® (Statistical Analysis System, 2002) was employed in a factorial arrangement, adopting 5% as significance level. Initial live weight was utilized as co-variable for the performance of the ANOVA. Linear and quadratic functions were utilized for the determination of the ideal level of sunflower meal, and the Student-Newmann-Keul test was used for the evaluation of enzyme complex inclusion.
RESULTS AND DISCUSSION
Mean temperatures recorded during the experiment were 20.5 ºC (15.2 and 25.7 °C minimum and maximum, respectively). No interaction was verified between EC inclusion and sunflower meal levels (p<0.05; Tables 3 to 10). Junqueira.et al. (2010) also did not verify any effects of the interaction between sunflower meal and the addition of phytase in the layer diets on most production parameters, except for egg mass.
During the evaluation period, egg production and feed conversion ratio per egg mass (GCRdz) were affected by sunflower meal (SFM) levels (p<0.05; Table 4), as described by the following equations: EP = 89.845 + 0.0994 SFM -0.0074 SFM² (R² = 98.0), with maximum point at the 6.72% inclusion level; FCRdz = 1.6525 -0.0035 SFM + 0.0003 SFM² (R² = 98.8), with minimum point at 5.83% inclusion level . These results are considerably different from the findings of Vieira et al. (1992) , who reported that dietary sunflower meal levels up to 40.5% did not affect layer performance. However, current commercial layer strains are more nutrient-demanding (Hy Line, 2009) , and therefore, high levels of SFM in the diet would compromise their performance. Other authors have also reported the inclusion of high SFM levels (20.0%) in commercial layer diets (Senkoylu et al., 2004) . However, the sunflower meal utilized in the diets were submitted only to partial oil extraction, and therefore nutritional value was much higher than that of the SFM utilized in the present study. Most of the results reported in the literature recommend the utilization of SFM levels close to those included here (Tsuzuki et al., 2003; Casartelli et al., 2006; Rezaei & Hafezian 2007; Junqueira et al., 2010) . EC -enzyme complex addition; CV -coefficient of variation; β FG (%) -percentage of sunflower meal in the diet; γ -Interaction between the presence of EC and SFM (%); ns -not significant by the F test (p>0.05); * -significantly different by the F test (p<0.05); Q -quadratic effect (p≤0.05) of sunflower meal level; L -linear effect (p≤0.05) of sunflower meal level; NS/ns -non-significant effect.
Feed intake, egg mass, egg weight, and feed conversion ratio per egg mass were not influenced by the treatments (p>0.05; Table 4 ). Secoylu et al. (2004) did not find any differences in these parameters either, when including up to 20.0% sunflower meal in the diets of commercial strains. On the other hand, Casartelli et al. (2006) reported that the dietary inclusion of 12.0% sunflower meal did not affect layer feed intake or egg mass. Similar results were found with when up to 10.0% sunflower meal was included in layer diets containing equal energy and protein levels (Rezaei & Hafezian, 2007) .
During the evaluation period, egg components were not affected by the treatments (p>0.05; Table  5 ). These results are consistent with those reported in literature (Tsuzuki et al., 2003; Secoylu et al., 2004; Rezaei & Hafezian, 2007) . Only Casartelli et al. (2006) showed an improvement in eggshell parameter as a function of increasing sunflower meal inclusion levels in the diet of commercial layers. In spite of the positive result reported by these authors, it is not likely that the dietary sunflower meal inclusions result in eggshell improvement, because this feedstuff is not very rich in nutrients and has high fiber content. 
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The best economic efficiency per dozen eggs and per egg mass was obtained with the diet containing 16.0% sunflower meal and supplemented with the enzyme complex, and with the diet with 24% sunflower meal and not supplemented with the enzyme complex, respectively. These results are contradictory A similar situation was also verified by Junqueira et al. (2010) , who obtained better economic efficiency on diets with 4.0% sunflower meal and the addition of phytase. As it is an alternative feedstuff, its economic efficiency is essentially to its low price relative to typical feedstuffs (corn and soybean meal). This feedstuff tends to become increasingly cheaper because the sunflower crop is expanding in Brazil. However, the present results are consistent with current prices, and therefore, future studies estimating the economic viability of the utilization of this feedstuff in commercial layer diets are warranted.
The inclusion of the enzyme complex in layer diets did not affect their performance or egg components (p>0.05; Tables 4 and 5). These results are different from the findings of Junqueira et al. (2010) , who found better efficiency of phytase added to layer diets, as shown by the higher egg mass obtained with 8% sunflower meal inclusion and the addition of phytase in comparison with 4.0% SFM and no phytase inclusion. Bess et al. (2006) did not observed any significant differences in the utilization of phytase in broiler breeder diets, using an experimental design very similar to that applied in the present study. Sunflower meal is rich in fiber and phytic acid, and therefore, a positive effect with the addition of the enzyme complex in the diets was expected; however, no such effect was verified in the present experiment. Liu et al. (2007) and Viana et al. (2009) also verified that the addition of phytase to diets with reduced nutrient levels did not improve egg production, egg weight, or feed conversion per dozen eggs of layers. The results of these authors were very similar to those found in the present study, where no influence of enzyme complex on those parameters were detected.
There was no interaction between the dietary addition of enzyme complex and sunflower meal levels (p>0.05). The addition of the enzyme complex in the diets did not affect egg-production parameters or egg components (p>0.05). Increasing dietary SFM levels had a quadratic effect on egg production and feed conversion ratio per dozen eggs (P<0.05), with ideal points of sunflower meal inclusion of 6.72 and 5.83%, respectively. The best economic efficiency per dozen eggs and per egg mass was obtained with the diet containing 16.0% sunflower meal and supplemented with the enzyme complex, and with the diet with 24% sunflower meal and not supplemented with the enzyme complex, respectively
CONCLUSIONS
The addition of the evaluated enzyme complex in layer diets does not improve egg-production parameters or egg components. Dietary sunflower meal levels of 6.72 and 5.83%, promote the best egg production and feed conversion ratio per dozen eggs. The inclusion of sunflower meal in layer diets improves the economic efficiency index per dozen eggs and per egg mass provided feedstuff prices are similar to those applied in the present study.
